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Action video game players (VGPs) have demonstrated a number of attentional advantages
over non-players. Here, we propose that many of those beneﬁts might be underpinned by
improved control over exogenous (i.e., stimulus-driven) attention.To test this we used an
anti-cueing task, in which a sudden-onset cue indicated that the target would likely appear
in a separate location on the opposite side of the ﬁxation point.When the time between the
cue onset and the target onset was short (40 ms), non-players (nVGPs) showed a typical
exogenous attention effect. Their response times were faster to targets presented at the
cued (but less probable) location compared with the opposite (more probable) location.
VGPs, however, were less likely to have their attention drawn to the location of the cue.
When the onset asynchrony was long (600 ms), VGPs and nVGPs were equally able to
endogenously shift their attention to the likely (opposite) target location. In order to rule
out processing-speed differences as an explanation for this result, we also testedVGPs and
nVGPs on an attentional blink (AB) task. In a version of theAB task that minimized demands
on task switching and iconic memory, VGPs and nVGPs did not differ in second target
identiﬁcationperformance(i.e.,VGPshadthesamemagnitudeofABasnVGPs), suggesting
that the anti-cueing results were due to ﬂexible control over exogenous attention rather
than to more general speed-of-processing differences.
Keywords: individual differences, video game players, exogenous attention, attentional blink, cueing
INTRODUCTION
In the previous decade, action video game players (VGPs)
have demonstrated a number of advantages over non-players
(nVGPs) on visual and cognitive tasks. For example, VGPs have
outperformed nVGPs on multiple object tracking (Green and
Bavelier,2006b),probabilisticinference(Greenetal.,2010),form-
ing detailed memory representations of objects (Sungur and
Boduroglu, 2012), task switching (Cain etal., 2012), dual-task
performance (Strobach etal.,2012),and multisensory integration
(Donohueetal.,2010),amongothers(seeHubert-Wallanderetal.,
2011a for a review).
One aspect of video game experience that could underlie a
variety of these beneﬁts is control of attention, particularly con-
trol over exogenous attention. Action video games often have a
great deal of visual distraction, so it would be plausible for VGPs
to develop some level of control over the degree to which salient
distractions in the visual environment capture their attention
in order to promote better performance on their primary task.
Consistent with this idea, VGPs have previously demonstrated
reduced exogenous (i.e., stimulus-driven) attentional capture. In
particular, VGPs were better able than nVGPs to avoid exoge-
nous capture by task-irrelevant color-singletons in an additional
singleton paradigm (Chisholm etal., 2010). VGPs were also bet-
ter able than nVGPs to avoid exogenous capture by a suddenly
appearing distractor in a color-singleton search (Chisholm and
Kingstone, 2012). While this is strong evidence for improved
distractor resistance in VGPs, other studies have demonstrated
that VGPs use exogenous cuing to the same extent as nVGPs
(Cain and Mitroff, 2011; Hubert-Wallander etal., 2011b). The
key difference between these sets of studies is that in the experi-
ments by Chisholm etal. (2010), Chisholm and Kingstone (2012)
the potentially attention-capturing stimulus always indicated a
to-be-ignored location (i.e., attending to it never aided task per-
formance). Conversely, in the studies showing no differences in
attentional capture between VGPs and nVGPs (Cain and Mitroff,
2011; Hubert-Wallander etal., 2011b), attending to exogenous
cues would often have been beneﬁcial to performance.
Previous work therefore suggests that a key difference between
VGPsandnVGPsisthelevelof controloverexogenousattentional
capture:VGPs may exert control when exogenous attentional cap-
turewouldhurtperformance,butmaynotchoosetoexertcontrol
when capture would help or have no impact upon performance.
Such ﬂexibility could naturally arise from interaction with multi-
ple action video games and multiple visual environments within
suchgamesandmightaffectperformanceinawidevarietyof con-
texts outside of games. This notion is broadly similar to that put
forward by Green etal. (2010) thatVGPs are better than nVGPs at
assessing and responding to the statistics of their visual environ-
mentsandinlinewithevidencethatVGPsmaylearnmorequickly
over the course of an experimental session (e.g.,West etal.,2013).
How ﬂexible is VGPs’ avoidance of exogenous capture? Is it
an all or nothing capacity, or can there be more graded control
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over exogenous attention? To address these questions we employ
an anti-cueing paradigm (Experiment 1). In a typical spatial
cuing task, there are speciﬁc locations where targets could appear
and one of those locations is cued prior to target onset, gen-
erating exogenous capture. In target-cued conditions, the cue
indicates the likely position of the target. In an anti-cueing
paradigm, the appearance of the cue in one location actually
indicates that a target will likely appear in a different location
(Posner etal., 1982; Warner etal., 1990; Prinzmetal etal., 2009).
For example, if the right location is cued (see Figure 1), there
is a high probability that the target would appear on the left.
Thus, the information given by the cue is task-relevant, but
the spatial location of the cue is not the to-be-attended loca-
tion. If VGPs can resist exogenous capture by this stimulus, but
still use the information it provides in order to endogenously
shift their attention, it would imply very precise control over
attention.
In Experiment 2 we address the question of visual speed of
processingusinganattentionalblink(AB)task. Ithasbeenargued
that VGPs may process visual stimuli more quickly than nVGPs
(e.g., Wilms etal., 2013). But is this faster apprehension related
tooverallprocessing-speeddifferencesbetweenVGPsandnVGPs?
Might it even be associated with greater sensitivity to distractors
(e.g., West etal., 2008)? If so, this could pose a problem for inter-
preting results showing reduced exogenous capture for VGPs, as
attending to a stimulus and then very rapidly processing and dis-
engaging from it may have the same behavioral effect as avoiding
attentional capture at certain timescales.
To preview our results, we found superior control over exoge-
nous attention inVGPs compared with nVGPs,but no differences
between groups in endogenous attention or speed of processing.
EXPERIMENT 1 – ANTI-CUE
In the anti-cue task, a cue is presented at one spatial location,
but indicates that the target is likely to appear in a speciﬁc other
location. This allows for the separation of the effects of exogenous
FIGURE 1 | Example trial. Four placeholder boxes and a central ﬁxation
dot were always visible. At the beginning of each trial, one box would
darken. After either 40 or 600 ms, the stimulus array would appear and
participants would report whether a “T” or an “F” was present.
attention and endogenous attention, a difference that should be
moreapparentinresponsetime(RT)thaninaccuracy(Prinzmetal
etal., 2009). If the sudden-onset of the cue exogenously captures
attention, then when the interval between the cue and the tar-
get is short, participants should be faster to respond to those rare
targets that appear at the location of the cue than those targets
that appear in the more likely, anti-cued location. Conversely,
when the interval between the cue and the target onset is longer,
then participants will have sufﬁcient time to endogenously move
their attention to the likely target location, providing an advan-
tage at the anti-cued location compared to the location of the
cue. This design allows for separate assessments of the relative
exogenous and endogenous attentional performance of VGPs and
non-players.
METHODS
Participants
Forty-twomembersof theUniversityof California,Berkeleycom-
munity participated in exchange for a cash payment or partial
fulﬁllment of a course requirement. Other data from a subset of
theseparticipantsthatwerecollectedinthesameexperimentalses-
sionhavebeenreportedpreviously(Cainetal.,2012).Participants
were recruited using a variety of methods including poster adver-
tisements speciﬁcally seeking ﬁrst-person shooting (FPS) game
playersandnon-playersande-mailadvertisementsselectivelysent
to those with high and low levels of reported FPS expertise in a
prescreeningsurvey. Participantswerenotinformedwhichsurvey
in the prescreening packet lead to their recruitment until the end
of the study.
Data from two participants were excluded, one for not com-
pletingtheexperimentandanotherforperformingatchance-level
accuracy throughout the experiment. The remaining 40 partici-
pants were classiﬁed into two groups based on their self-reported
expertiseandexperiencewithactionvideogames.TheVGPgroup
reported expertise with FPS video games of ≥5 on a 1–7 scale
and regular play of FPS games (≥5 hr/wk) in the last 6 months.
The VGP group consisted of 17 males and two females (mean
age = 21.0 years). The non-player (nVGP) group reported exper-
tise with FPS games of ≤2 on a 1–7 scale and recent experience
with FPS games of <2 hr/wk in the last 6 months. Note that
expertise or experience with other genres of video games (e.g.,
puzzle games) was not cause for exclusion from the nVGP group.
The nVGP group consisted of eight males and 13 females (mean
age = 22.5 years).
Stimuli
Four peripheral boxes and a central ﬁxation dot were present on
the screen throughout the experiment (see Figure 1). Each box
extended approximately 2.0◦ × 1.25◦ and was 1 pixel thick. The
innermost edge of each box was 1◦ from ﬁxation. The ﬁxation dot
was a solid black circle 0.1◦ in diameter.
On each trial the cue was a thickening of the outline of one of
the boxes to 0.1◦ wide. This thickened box remained visible until
the stimulus array disappeared. The stimulus array included three
charactersperframeina36-pointsans-serif font. Thetargetletter
was a “T” or an “F” and was always at the center of its array. All
other placeholder letters in the display were“O”.
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Procedure
The procedure is identical to that in Prinzmetal etal. (2009,
Experiment 3). Participants were instructed to maintain ﬁxation
at all times during each trial. Fixation was monitored online using
a video camera with a researcher labeling trials in which ﬁxation
was broken as they occurred. Eye movement trials were re-run at
the end of the block in which they occurred.
On each trial a cue gave participants information about the
likely position of the target. On 75% of trials the target appeared
in the box opposite the cue (anti-cued location). On 12.5% of
trials the target appeared in the same location as the cue (cued
location). On the remaining 12.5% of trials the target appeared
in one of the two off-axis boxes (other location); these catch trials
werenotincludedinanyof theplannedcomparisons.Participants
were informed that the target was “most likely” to appear in the
anti-cued location, but could appear in any location. Participants
were not given explicit probabilities.
The stimulus array appeared after the cue at one of two ran-
domly intermixed stimulus onset asynchronies (SOAs). The Short
SOA (40 ms) was intended to generate exogenous attention cap-
ture: participants should have had their attention drawn to the
sudden-onset cue, but should not have had time to endogenously
move their attention to the likely target (i.e., anti-cued) loca-
tion. The Long SOA (600 ms) was intended to allow time for
endogenous movement of attention from the cued location to the
anti-cued location. The stimulus array remained on the screen
for 120 ms (to minimize the utility of eye movements) at which
time both the stimuli and cue disappeared. After the stimuli dis-
appeared, participants responded whether a “T” or an “F” was
present with a speeded keypress of the “1” and “2” keys on a
numeric keypad using the index and middle ﬁngers of their right
hand.
Trialswerepresentedinsevenblocks,separatedwithself-paced
breaks. The ﬁrst block was 48 trials long, considered practice,
and not analyzed. The six experimental blocks were each 96 trials
long. Throughout the experiment, auditory feedback was given
for incorrect responses and eye movements.
RESULTS
Data from trials with RTs < 150 ms or > 1580 ms (three stan-
dard deviations above the mean RT for all correct trials) were
excluded from analysis (0.9% of experimental trials). Analyses
were conducted in parallel for both accuracy and RT (see Table 1
for a full breakdown), with incorrect trials excluded from RT
analysis. Data from the Other Location catch trials were not ana-
lyzed, but are reported in Figure 2 and Table 1 for comparison
purposes.
Overall analysis
Results were primarily analyzed with linear mixed effects mod-
els (Baayen etal., 2008; Barr etal., 2013) using the lme4 package
in R (Bates etal., 2013). These models are similar to repeated-
measures ANOVAs, but use all experimental trials rather than
averages and allow for better testing of proportional data (i.e.,
accuracy). For both accuracy and RT, models were constructed
withGroup(VGPornVGP),TargetPosition(CuedorAnti-Cued),
andSOA(40or600ms)asﬁxedeffectsandParticipantasarandom
effect. For accuracy, a logistic model that included a three-way
Group × Target Position × SOA interaction ﬁt the data signiﬁ-
cantly better than a model in which the Target × SOA interaction
did not interact with Group [χ2(3) = 9.14,p = 0.0275]. Similarly
for RT, a model that included a three-way Group × Target Posi-
tion×SOAinteractionﬁtthedatasigniﬁcantlybetterthanamodel
inwhichtheTarget×SOAinteractiondidnotinteractwithGroup
[χ2(3)=14.41,p=0.0024]. Tobetterunderstandhowexogenous
attentional capture varied between groups, we performed further
analysesseparatelyforeachSOA.Topreview,therewasaninterac-
tion between Group and Target Position for RT, but not accuracy,
in the Short SOA condition, and an interaction for accuracy, but
not RT in the Long SOA condition.
Short SOA condition
Results for the Short SOA condition were analyzed using linear
mixed effects models with Group and Target Position as ﬁxed
effects and Participant as a random effect. Accuracy was uni-
formly high and there was no difference between a logistic model
that included a Group × Target Position interaction and one
that did not [χ2(1) = 0.25, p = 0.6170]. RT results are sum-
marized in Figure 2A and, unlike accuracy, showed evidence of a
Group × Target Position interaction [χ2(1) = 4.73, p = 0.0296],
implying that there are attentional cuing RT differences between
groups.Tounderstandthenatureofthisinteraction,weperformed
post hoc paired-samples t-tests within each group. Consistent
with previous ﬁndings, nVGPs were faster to respond when the
Table 1 | Breakdown of means and standard deviations (SDs) of accuracy and response time (RT) measures across all groups and conditions.
Short SOA (40 ms) Long SOA (600 ms)
Anti-cued Cued Other Anti-cued Cued Other
Measure Group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Accuracy (%) nVGP 95.6 3.6 95.8 4.9 95.5 6.4 95.7 4.3 96.4 3.7 95.8 4.0
VGP 95.5 3.3 94.7 6.0 96.5 2.8 96.0 3.3 92.7 13.4 95.3 5.6
RT (ms) nVGP 472 98 452 89 477 105 456 103 485 126 471 116
VGP 451 80 453 88 462 96 426 89 469 117 451 112
SOA, stimulus onset asynchrony; VGP , video game player; nVGP , non-video game player.
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FIGURE 2 | Response time results for Experiment 1 for the Short SOA (A) and Long SOA (B) conditions. Error bars represent the standard error of the
mean.
target was at the cued location than at the anti-cued location
[t(20) = 3.054, p = 0.006, Cohen’s d = 0.217]. However, VGPs
were just as fast to respond to the target at the anti-cued location
as at the cued location [t(18) = 0.417, p = 0.681, d = 0.030],
suggesting reduced or eliminated exogenous attentional
capture.
Long SOA condition
Results for the Long SOA condition were analyzed using the same
linear mixed effects models as in the Short SOA condition. For
accuracy, in contrast to the Short SOA condition, there was evi-
dence of a Group × Target Position interaction [χ2(1) = 8.69,
p = 0.0032]. To understand the nature of this interaction, we
performed post hoc paired-samples t-tests on arcsine-square-
root-transformed accuracy within each group. VGPs were more
accurate when responding to targets at the anti-cued location and
nVGPs were more accurate at responding to targets at the cued
location, but neither of these individual comparisons was statisti-
callysigniﬁcant(bothp>0.4). RTresultsareshowninFigure2B.
Unlike the Short SOA condition, there was no evidence of an
interaction between Group and Target Position [χ2(1) = 0.08,
p = 0.7813]. Post hoc paired-samples t-tests revealed that both
groups showed signiﬁcant cuing effects [VGPs: t(18) = 2.467,
p = 0.024, d = 0.415; nVGPs: t(20) = 3.234, p = 0.004,
d = 0.259].
DISCUSSION
VGPs were better at resisting exogenous attentional capture by a
suddenly appearing cue, but were just as able to use the informa-
tion from the cue to endogenously direct their attention to a likely
targetlocation. UnlikethenVGPgroup,whichdemonstratednor-
mal levels of attentional capture in the Short SOA condition, the
VGP group performed equivalently quickly at all locations in the
ShortSOAcondition.Importantly,intheLongSOAcondition,the
VGP group was able to use the cue to direct their attention to the
probable target location, demonstrating the expected anti-cueing
effect.Thus,theVGPgroupwasnotignoringthetask-relevantcue,
but was able to suppress exogenous capture from its onset. Inter-
estingly, a similar pattern of results has previously been shown
withtrainingontheanti-cuetask(Warneretal.,1990),suggesting
that general action video game experience may have a simi-
lar effect on underlying attentional mechanisms as speciﬁc task
training.
There is an alternative explanation for the current results that
bears consideration. It has been suggested that VGPs may enjoy a
speedofprocessingadvantageovernVGPs(Dyeetal.,2009;Wilms
etal., 2013). Perhaps the VGPs were experiencing just as much
exogenous capture as the nVGPs, but were able to very rapidly
process the cue,such that they were no longer captured by it when
the target array appeared, even in the Short SOA condition. We
address this speed of processing question in Experiment 2.
EXPERIMENT2–A TTENTIONAL BLINK
CouldtheapparentresistancetoexogenouscaptureseeninExper-
iment 1 be the result of faster processing of the cue stimulus?
A few lines of evidence support this hypothesis. The most gen-
eral claim is from a meta-analysis of VGP vs. nVGP studies that
found that overall, VGPs perform faster than nVGPs with no loss
in accuracy (Dye etal.,2009). This improvement could have come
fromincreasedspeedof visualprocessingorfromlaterstagessuch
as decision processes, response execution, or some combination
thereof. OtherstudieshavedemonstratedthatVGPsarequickerto
get information into visual working memory than nVGPs (Appel-
baum etal., 2013) and are faster to accumulate visual evidence
from noisy visual stimuli (Green etal., 2010). This suggests there
may be a visual processing advantage forVGPs,but it’s not clear if
this advantage would also apply to simpler situations like sudden-
onsets. Most directly, one recent study speciﬁcally found faster
visualprocessingforVGPsinamodiﬁedwhole-reporttask(Wilms
etal.,2013).
If faster visual processing in VGPs, lead to faster processing of
the cue in Experiment 1, we might also expect faster processing
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of stimuli presented in quick succession in a rapid serial visual
presentation task. In particular, VGPs would be expected to have
a reduced AB (Raymond etal., 1992). The AB is a phenomenon
whereprocessingof onetargetitemimpairsprocessingof asecond
item encountered 200–500 ms later. This deﬁcit is believed to be
due to a processing bottleneck in which the second target cannot
be processed simultaneously with the ﬁrst target (see Martens and
Wyble, 2010 for a review). If VGPs are faster at processing rapidly
presented items, they may be able to more completely process the
ﬁrst target before the second appears, reducing the impact of this
bottleneck and, thus, reducing the AB. Several previous studies
suggest that VGPs have a reduced AB compared to nVGPs (e.g.,
Green and Bavelier, 2003; Oei and Patterson, 2013), though there
is not complete agreement on this point (Boot etal., 2008; Mur-
phyandSpencer,2009). Importantly,notallABtasksarethesame
(e.g., Kelly and Dux, 2011). Previous studies have used forms of
the AB paradigm that involve other factors, such as task switch-
ing and fast apprehension of stimuli – two abilities previously
shown to be superior in VGPs (e.g., Cain etal., 2012; Appelbaum
etal., 2013). Here, we attempt to minimize the contributions of
these other factors to better examine the question of speed of
processing.
METHODS
Participants
Fifty-two members of the University of California, Berkeley com-
munity participated in exchange for a cash payment or partial
fulﬁllment of a course requirement, including 34 individuals
who also participated in Experiment 1 as part of the same
testing session. Other data from some participants have been
reported previously (Cain etal., 2012). Data from three partici-
pants were excluded, one for making > 25% incorrect responses
to ﬁrst targets, and two for having incomplete data. Partici-
pants were divided into VGP and nVGP groups using the same
criteria as for Experiment 1. The VGP group had 23 members
(22 males and one female; mean age = 20.9 years) and the
nVGP group had 26 members (11 males and 15 females; mean
age = 22.2 years).
Stimuli and procedure
Streams of letters (distractors) and numbers (targets) were pre-
sented at the center of the screen against a gray background (see
Figure 3). Each trial’s stream contained 12 items presented for
80 ms each with a 20 ms inter-stimulus-interval (i.e., 100 ms
stimulus onset asynchrony). Distractor items were black letters.
Every trial contained a single white number target (T1) and
77% of trials contained an additional black number target (T2)
that could only appear after T1. The remaining 23% of tri-
als were catch trials that had no second target. Relative to T1,
T2 could appear at lags of 1 (immediately after), 2, 3, 5, or 7
items.
On each of the 156 experimental trials participants observed
the stream of characters and then separately reported the identity
of the two target numbers using a standard computer keyboard.
Participants used the space key to indicate that they did not see
a particular number. Responses were unspeeded and instructions
emphasized accuracy.
FIGURE 3 | Example trial for the attentional blink task in Experiment 2.
Targets were numbers among distractor letters.The ﬁrst target was white
and always present.The second target was black and present on 77% of
trials.
RESULTS
Accuracy data were analyzed for T2 on trials on which T1 was
correct. First, T2 accuracy data were submitted to a linear mixed-
model analysis with Lag (1, 2, 3, 5, or 7) and Group (VGP
or nVGP) as ﬁxed effects and Participant as a random effect.
There was no evidence of an interaction between Group and Lag
[χ2(4) = 4.6346, p = 0.3269]. Overall T2 accuracy was higher
for nVGPs (92.4%) than VGPs (88.7%), but this Group differ-
ence was not statistically signiﬁcant [χ2(5) = 6.4782,p = 0.2624].
As illustrated in Figure 4, this suggests that both groups expe-
rienced an AB, but that there were no differences between the
groups. These models were followed up with post hoc t-tests
comparing T2 performance between groups at each Lag and
there were no signiﬁcant differences at any point (all p > 0.05,
uncorrected). There was no signiﬁcant difference in T1 accu-
racy performance between groups [t(47) = 0.331, p = 0.743,
d = 0.087].
FIGURE 4 | Results from Experiment 2 showing second target
accuracy for trials on which the ﬁrst target was correctly identiﬁed as
a function of inter-target Lag. nVGPs non-signiﬁcantly outperformed
VGPs at all lags. Error bars represent standard error of the mean.
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Attentional blink magnitude
While there were no signiﬁcant overall differences in performance
between VGPs and nVGPs on this task, and nVGPs numerically
outperformed VGPs, we wanted to speciﬁcally check AB perfor-
mance. For each participant we calculated two AB scores: (1) Lag
7 (asymptote) performance minus Lag 2 (blink) performance and
(2) the average of Lag 5 and Lag 7 minus the average of Lag 2 and
Lag 3. For the Lag 7 minus Lag 2 measure, there was a signiﬁcant
overallAB effect of 13.39% [t(48) = 5.702,p < 0.001,d = 0.815],
but no signiﬁcant difference between groups [t(47) = 0.629,
p=0.532,d =0.179].Thesamepatternwasseenfortheaverageof
Lags5and7minusaverageof Lags2and3measure:signiﬁcantAB
[t(48) = 4.764, p < 0.001, d = 0.6804], but no signiﬁcant differ-
ence between groups [t(47) = 0.416, p = 0.679, d = 0.1180]. For
both measures, VGPs had a numerically larger AB than nVGPs.
While non-signiﬁcant, this is noteworthy because it is opposite
from the predicted direction.
DISCUSSION
The current experiment demonstrated a robust AB effect, but no
differences in performance between VGPs and nVGPs. If any-
thing, nVGPs outperformed VGPs, the opposite of what was
predicted based on previous work. This suggests two key points
(1) that improved anti-cue performance for VGPs in Experi-
ment 1 was due to improved resistance to attentional capture,
rather than faster processing of the cue stimulus and (2) that
improvedperformancewasnotduetogeneraleffectssuchasmoti-
vation or knowledge that the study was about video gaming (cf.
Boot etal.,2011).
The lack of a difference between VGPs and nVGPs on this task
stands in contrast to several previous reports. In particular, it
contrasts with the initial ﬁnding by Green and Bavelier (2003;
replicated in Oei and Patterson, 2013). While both our task and
that of Green and Bavelier (2003) are considered to be AB tasks,
and all AB tasks have signiﬁcant shared variability (Dale etal.,
2013), there are important differences between AB tasks that tap
into task switching abilities and those that do not (Kelly and Dux,
2011; Dale etal.,2013).
In the present experiment, participants searched for num-
bers among letters. This is a categorical AB task that requires
no task switching, since both targets are numbers to be detected
among letters (T1 white, T2 black serially following T1). How-
ever, in Green and Bavelier’s (2003) experiment, participants
had two different tasks to perform for the two embedded tar-
gets serially presented. First, they detected a white letter among
black letters and then monitored for the presence or absence
of an X. This probe-style AB task taps into task switching abil-
ities as well as attentional selection abilities (Kelly and Dux,
2011). VGPs have been shown to switch between pairs of tasks
on related stimuli more easily than nVGPs, including switch-
ing between letter and digit classiﬁcation (Andrews and Murphy,
2006; Strobach etal., 2012), between global and local fea-
ture processing (Colzato etal., 2010), and between opposing
stimulus-response rules (Cain etal., 2012). Thus, some of the
video-game-related improvements in AB performance noted pre-
viously may have been due to superior task switching abilities in
VGPs.
Additionally, in Green and Bavelier’s (2003) task, stimuli were
presented very brieﬂy (15 ms) while ours were presented rela-
tively longer (80 ms). This presentation time difference likely
contributed to the higher accuracy levels in our paradigm. In the
15 ms presentation version, the need to perceive the item quickly
mayhavegiventheVGPsafurtheradvantage,asVGPshavehigher
visualsensitivitythannVGPsandarebetterabletoinitiallyencode
rapidlypresentedinformationintovisualsensorymemory(Appel-
baum etal., 2013; but see Blacker and Curby, 2013; Wilms etal.,
2013).
Thus,thesuperiorperformanceseeninABtaskspreviouslymay
be due, in part, to improved task switching and visual sensitivity
in VGPs relative to nVGPs and not to factors more commonly
associated with the AB, such as the speed of processing T1. This
idea of more general performance improvement is reinforced by
an examination of the results of Green and Bavelier (2003),which
showsaVGPadvantageacrossLags1–5,andnotjustatthecritical
AB Lags and a training beneﬁt at only later lags.While the current
nullresultcanprovideonlylimitedevidence,incombinationwith
prior work, it suggests that the exact parameters of the AB task
may be crucial for ﬁnding differences betweenVGPs and nVGPs.
GENERAL DISCUSSION
Here we demonstrated that actionVGPs have greater resistance to
exogenous attentional capture than those who do not play action
videogames. InExperiment1,whenthetimebetweenthecueand
the target was long, both VGPs and nVGPs showed the expected
anti-cueingeffect,respondingfasterattheanti-cuedlocationthan
the cued location. Hence both groups displayed equivalent abil-
ity to utilize the information provided by the cue (i.e., predicting
the anti-cue target location). However, when the SOA was short,
nVGPs showed the expected exogenous cuing effect,butVGPs did
not: nVGPs were faster at the location of the cue than at the most
likely, anti-cued location, but VGPs were equally fast at all loca-
tions. Hence, while clearly extracting the information provided
by the cue (as evident in longer SOAs) VGPs were able to avoid
being captured to that same cue location. In Experiment 2, the
ﬁnding that there was no difference in AB performance between
VGPs and nVGPs suggests that the cuing effects were not due to
speed of visual processing or motivational differences between
groups.
These results are in line with recent ﬁndings that VGPs resist
attentional capture by task-irrelevant distractors (Chisholm etal.,
2010; Chisholm and Kingstone, 2012). However, it is seemingly
at odds with a previous cuing ﬁnding: In a modiﬁed temporal-
order judgment task with uninformative cues, VGPs were more
likely to be captured by the cue than nVGPs (West etal., 2008;
Experiment 1). The key difference between that paradigm and
ours may be the informativeness of the cue. In the West etal.
(2008) task, targets always appeared in both locations and the
appearance of the cue carried no information about the rela-
tive target timings. Thus, from a participant’s point of view,
attending to the cue had no noticeable effect on performance,
so there was no particular reason to attempt to resist capture. In
the current paradigm, the target only appeared in the cued loca-
tion on 12.5% of trials, so being captured by the cued location
might have noticeably negatively impacted performance, giving
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participants an incentive to try and resist capture.Also,we explic-
itly instructed participants that the target would most likely not
appear in the cued location,and it may be that theVGP group was
better able to use this instructional information than the nVGP
group.
Our results ﬁll in an important gap in the existing literature on
attentionalcaptureinVGPs. Previousworkhasdemonstratedthat
VGPs are captured by exogenous cues that aid in task execution
(Hubert-Wallander etal., 2011b) or have a non-obvious negative
impact (West etal., 2008) but are able to resist capture by exoge-
nous distractors that obviously hindered performance (Chisholm
etal., 2010; Chisholm and Kingstone, 2012). Here we presented
task-relevant information at a to-be-ignored spatial location and
demonstrated that VGPs were able to resist attentional capture
to an irrelevant spatial location while still being able to use cue
information from that location to help them on the task. Taken
together these results suggest thatVGPs may possess more ﬂexible
controloverwhatdoesanddoesnotcapturetheirattention:When
a stimulus facilitates performance,VGPs can get the full beneﬁt of
letting it capture their attention,but when it hinders performance
VGPs can resist capture.
RELATIONSHIP WITH OTHER VISUAL ATTENTION PHENOMENA
One effect that has been much discussed in the video game lit-
erature is the ﬂanker compatibility effect (i.e., distractor items
surrounding a central target item speed responding if they are
compatible with the target but slow responding if they are incom-
patible). If VGPs have better control over exogenous attention
capture, this suggests that they might be less affected by the pres-
ence of incompatible ﬂanking items in a display. In fact, initial
reports argued that VGPs were actually more affected by incom-
patibleﬂankingitemsthanwerenVGPs(GreenandBavelier,2003,
2006a). However, subsequent reports have found equivalent lev-
els of ﬂanker interference in VGPs and nVGPs (Irons etal., 2011;
Cain etal., 2012). While there is still some disagreement on this
issue, it is clear that VGPs do not experience less ﬂanker inter-
ference than nVGPs, which suggests some limits on their ability
to control their attention. One potentially important difference
between the cuing and ﬂanker paradigms is the proportion of
validlycuedtrials;incaseswhereVGPshaveresistedstimuluscap-
ture, it was beneﬁcial to do so most of the time, but in ﬂanker
experiments there is usually an even ratio of compatible trials
(where capture helps) and incompatible trials (where it hinders),
perhaps not providing sufﬁcient incentive to exert control over
exogenous capture. This line of argument suggests that studies
manipulating cue validity may be able to more fully link these
literatures.
Another attentional paradigm whereVGPs have demonstrated
beneﬁtsovernVGPsismultipleobjecttracking.Inparticular,VGPs
are able to track more objects moving among distractors than
nVGPs (Trick etal., 2005; Green and Bavelier, 2006b; Sungur and
Boduroglu,2012). This improved tracking performance is consis-
tent with improved resistance to attentional capture: If VGPs are
betterabletoresistcapturebydistractingitemsasthoseitemspass
near targets, this could lead to fewer instances where the target is
lost. Unlike video game experience and training, speciﬁc spatial
attention training does not lead to object tracking improvements
(Appelbaum etal., 2011). This implicates a separate mechanism
for superior performance by VGPs, such as exogenous attentional
control.
PROCEDURAL ISSUES
There has been increasing dialog about the best practices for
studying the cognitive effects of video game experience (e.g.,
Boot etal., 2011; Kristjánsson, 2013), with two central issues:
training vs. expert designs and participant recruitment. In the
present experiments, we compared novice VGPs with expert
VGPs. This has the advantage that our expert population has a
great deal of experience (our VGPs reported playing ≥ 130 h
of FPS games in the previous 6 months, between 2 and 10
times more exposure than in a typical training study), giving
us the opportunity to observe skills that may only emerge after
a great deal of practice. It should be noted, however, that such
a quasi-experimental design has the drawback that we cannot
be sure that the effects we observe are directly due to video
game experience and not some other factor such as a selection
bias (e.g., individuals with better control over attentional capture
may play more FPS games, if such control makes gameplay more
enjoyable).
One persistent source selection bias is gender, as action video
games tend to engage males more than females (e.g., Lucas and
Sherry,2004). The present groups are not balanced by gender and
thus, it is possible that gender differences in attentional abilities
might underlie our effects (e.g., Feng etal., 2007), or the choices
of our participants to become VGPs or nVGPs. A reanalysis of
the current dataset including only male participants yielded the
same general pattern of results, but the reduced statistical power
limitstheinterpretabilityofthisreanalysis.Whileweconsiderlarge
differences in expertise with action video games between groups
to be a more parsimonious explanation of the current results than
gender differences, the current results are unable to deﬁnitively
resolve this question.
Participantsintheseexperimentswererecruitedbothfrompre-
screening survey responses and from ﬂiers explicitly seekingVGPs
and nVGPs. The explicit recruitment of some participants opens
the possibility that groups were differently motivated, for exam-
ple those identifying asVGPs may have come into the experiment
expecting to perform well, while nVGPs may have had lowered
expectations (e.g., Boot etal., 2011). While we cannot fully rule
out this possibility, the lack of group differences in the AB task in
Experiment2,performedinthesametestingsessionasExperiment
1, suggests that the effects were not driven solely by global moti-
vational differences (see Cain etal., 2012; Schubert and Strobach,
2012 for similar arguments).
CONCLUSION
There is no clear consensus on exactly what cognitive abilities are
trained by action video game play or how such play actually leads
to the generalized learning that has been observed. However, new
ideas are beginning to emerge for how to characterize fundamen-
tal cognitive improvements due to video games (e.g., Baniqued
etal.,2013). It seems clear that there are likely a number of factors
that video games train, such as faster visual apprehension (e.g.,
Appelbaum etal., 2013), improved cognitive control (e.g., Cain
www.frontiersin.org February 2014 | Volume 5 | Article 69 | 7Cain etal. Video gamers control exogenous capture
etal., 2012; Strobach etal., 2012), and even the ability to quickly
adaptwithinanexperimentalcontext(e.g.,Westetal.,2013).Here
we argue that the ability to control and focus attention on task-
relevantinformationisalsoafundamentalcognitiveabilitytrained
by video games. While the current study compared expert pop-
ulations, and cannot speak directly about causality, one recent
example more directly suggests a causal role. nVGPs were trained
on custom FPS games that either required players to discriminate
between hostile and friendly targets or contained exclusively hos-
tiletargets.OnlythosenVGPsinthetargetdiscriminationtraining
condition showed attentional beneﬁts from training (Brown etal.,
2012).
The degree to which salient objects capture attention can vary
from moment to moment (Leber, 2010). When acting in an
uncertain visual environment, it would be advantageous to have
ﬂexible control over the level of exogenous attentional capture to
a given location. Depending on the context, performance may be
improved by allowing attention to be captured to a location by
exogenous stimuli or by preventing capture. ActionVGPs seem to
be more adept than non-players at analyzing and adapting to the
overall statistics of the visual task set at hand, likely due to exten-
sive practice encountering, engaging with, and responding to the
task demands of new environments in video games. In particular,
the ability to extract information from a sudden-onset cue with-
outallowingthecuetocaptureattentiondemonstratesaveryhigh
level of control over attention inVGPs.
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